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7KH DLP RI WKLV SXEOLFDWLRQ LV WR KLJKOLJKW VRPH VHOHFWHG FDVH VWXGLHV WKDW UHODWH WR LVVXHV RI LQWHUDFWLRQ RI WKH JHRORJLFDO
HQYLURQPHQWZLWKHQJLQHHULQJFRQVWUXFWLRQ7KLVLVDQLVVXHRIIO\VFKVHGLPHQWVNDUVWDUHDVOLTXHILHGVDQGORHVVVHGLPHQWVDQG
EDVDOWURFNV7KLVJHRORJLFDOHQYLURQPHQWLVFDXVLQJPDQ\SUREOHPV7KLVFDQFDXVHSUREOHPVGXULQJWKHFRQVWUXFWLRQSURFHVVRU
LQ WU\LQJ WR SUHVHUYH WKH ORQJ OLIH RI WKHVH FRQVWUXFWLRQV 0HQWLRQHG SUREOHPDWLF URFNV FDQ FRPSOLFDWH IXWXUH RU H[LVWLQJ
FRQVWUXFWLRQ WKURXJK ODQGVOLGHV ORZ EHDULQJ FDSDFLW\ GLIIHUHQWLDO VHWWOHPHQW NDUVWLILFDWLRQ ILOWUDWLRQ IDXOWV DQG PDQ\ RWKHU
GLVRUGHUV/DEHOOLQJ WKH URFNDVSUREOHPDWLF URFN LV GHEDWDEOH(DFKJHRORJLFDO HQYLURQPHQW LV DIIHFWHGE\D ODUJH DPRXQWRI
JHRIDFWRUV7KHVHJHRIDFWRUV LQSXW WRGHFLGLQJDERXW WKHDSSURSULDWHQHVVRUXQVXLWDELOLW\RI WKH IRXQGDWLRQVRLODQG WKHLU ULVNV
*HQHUDOO\ WKH XQVXLWDELOLW\ RI WKH IRXQGDWLRQ VRLO LV GHWHUPLQHG E\ D FRPELQDWLRQ ZLWK JHRIDFWRUV VXFK DV JURXQG ZDWHU
HDUWKTXDNHV VORSLQJ WHUUDLQ DQG PDQ\ RWKHUV 7KHUHIRUH LW LV QHFHVVDU\ WR GHVLJQDWH SUREOHPDWLF URFNV XQGHUVWRRG DV DQ
HQYLURQPHQWZLWKPDQ\SUREOHPV7KDWPHDQVSUREOHPVZLWKIRXQGDWLRQHQJLQHHULQJDQGH[LVWLQJFRQVWUXFWLRQVDWDKLJKUDWH
7KLVGHVLJQDWLRQDOVR LQFOXGHVDQHQYLURQPHQWZKHUH WKHFRQVHTXHQFHVRIFRQVWUXFWLRQ IDLOXUHKDYHXQIRUHVHHQFRQVHTXHQFHV
3UREOHPDWLF URFNVDOVR LQFOXGHVRIW URFNZKLFK LVGHGLFDWHG WRDQXPEHURIRWKHUSXEOLFDWLRQV$OWKRXJKHDFKHQYLURQPHQW LV
FRPSOHWHO\XQLTXHOHDUQLQJIURPPLVWDNHVDQGOHVVRQVOHDUQHGIURPRWKHUFRXQWULHVLVYHU\LPSRUWDQW
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3UREOHPDWLF URFNV >ILJ@ DUH URFNV WKDW JHQHUDOO\ KDYHPRUH SUREOHPV LQ IRXQGDWLRQ HQJLQHHULQJ ,Q WKH FDVH RI
WKHVHURFNVHQJLQHHULQJJHRORJLVWVPXVWEHFDUHIXODQGIRFXVRQVRPHVSHFLILFSUREOHPVRFFXUULQJMXVWLQWKHFDVH
RI WKHVHURFNV3UREOHPDWLFURFNFDQEHFODVVLILHGDVVRIW URFNJURXSDQGDJURXSRIRWKHUSUREOHPDWLFURFNV7KH
SXEOLFDWLRQIRFXVHVRQDJURXSRIRWKHUSUREOHPDWLFURFNV:LWKLQWKHRWKHUSUREOHPDWLFURFNVZHFDQGLVWLQJXLVK
IO\VFKURFNVZKLFKDUHFKDUDFWHUL]HGE\DVXVFHSWLELOLW\WRVOLGLQJ7KLVDOVRLQFOXGHVOLTXHILHGVDQG/LTXHILHGVDQG
FDXVHV ILOWUDWLRQ IDXOWV VXIIRVLRQ SUREOHPV ZLWK D ORZ EHDULQJ FDSDFLW\ DQG GLIIHUHQW VHWWOHPHQW )XUWKHUPRUH
FROODSVLELOLW\ EDVDOW EHORQJV WR WKLV JURXS &ROODSVLELOLW\ EDVDOW VWUXJJOHV ZLWK SUREOHPV UHODWHG WR ORZ EHDULQJ
FDSDFLW\ DQG GLIIHUHQW VHWWOHPHQW &ROODSVLELOLW\ ORHVV DOVR XVXDOO\ KDV SUREOHPV ZLWK ORZ EHDULQJ FDSDFLW\ DQG
GLIIHUHQW VHWWOHPHQW *\SVXP DOVR WHQGV WR KDYH D ORZ EHDULQJ FDSDFLW\ SUREOHPV ZLWK GLIIHUHQW VHWWOHPHQW
GLVVROXWLRQ NDUVWLILFDWLRQ DQG VXEVLGHQFH ,Q WKH FDVH RI OLPHVWRQH WKHUH DUH VLPLODU SUREOHPV DV ZLWK J\SVXP
+RZHYHU GHYHORSPHQW RI WKHVH SUREOHPV LV RYHU D FRQVLGHUDEO\ ORQJHU SHULRG RI WLPH 7KH GHWHUPLQDWLRQ RI
SUREOHPDWLFURFNV LVQRWHDV\DQGZHKDYHWRDSSURDFK LWZLWKFDXWLRQ7KLV LVDYHU\VLPSOLILHG OLVWRISUREOHPV
(DFKRIWKHPHQWLRQHGSUREOHPVDVVRFLDWHGZLWKPDQ\RWKHUJHRIDFWRUV7KHVHDGGLWLRQDOJHRIDFWRUVDUHVSHFLILFWR
GLIIHUHQWJHRORJLFDOK\GURJHRORJLFDOPRUSKRORJLFDODQGFOLPDWLFHQYLURQPHQWV7KHFKDUWEHORZWRSRLQWVWKHPRVW
FRPPRQSUREOHPVRFFXUULQJLQDERYHPHQWLRQHGURFNVDQGSUHVHQWVFDVHVWXGLHVIURPVRPHFRXQWULHVLQWKHZRUOG



)LJ6FKHPH±3UREOHPDWLFURFNV
3UREOHPVDVVRFLDWHGZLWKWKHRFFXUUHQFHIO\VKURFNV
6LJQLILFDQWUHSUHVHQWDWLRQLQWKHJURXSRISUREOHPDWLFURFNVLQUHODWLRQWRHQJLQHHULQJFRQVWUXFWLRQVUHSUHVHQWIO\VFK
URFNV)O\VFKURFNVFDQEHJHQHUDOO\GHVFULEHGDVFRPSOH[OD\HUVRIPDULQHRULJLQ7KHFRPSOH[RIWKHVHOD\HUVLV
IRUPHGE\UK\WKPLFDOO\VWUDWLILHGDQGDOWHUQDWLQJFODVWLFVHGLPHQWVRIWHQZLWKDSRVLWLYHJUDGDWLRQOD\HULQJ7KHVH
FODVWLF VHGLPHQWV FRQVLVWV PDLQO\ RI SVDPPLWHV WR SHOLWHV )DXQD LV D UDUH RFFXUUHQFH )O\VFK FRPSRVLWLRQ LV
VRPHWLPHVVLPLODUWRVHGLPHQWVRIGHHSGHOWDV3RVLWLRQIO\VFKLQWKHSDQGHFLGHVRQLWVFRPSRVLWLRQ7KHSUR[LPDO
IO\VFK LV VR FRDUVHU 7KH GLVWDO IO\VFK VDYHG DZD\ IURP WKH VRXUFH PDWHULDO LV YHU\ ILQHJUDLQHG )URP WKH
SHUVSHFWLYH RI WHFWRQLF VHGLPHQWV GHSRVLWHG GXULQJ WKH FORVLQJ JHRV\QFOLQH IRU WHFWRQLFDOO\ XQVWDEOH DQG VHLVPLF
FRQGLWLRQVLWLVFRQVLGHUHGOLNHIO\VFK
7KH LVVXH RI IO\VK URFNV ZKHQ H[FDYDWLQJ D WXQQHO ZDV GHDOW ZLWK E\ WKH DXWKRUV 0DULQRV HW DO >@ ,W LV WKH
H[FDYDWLRQ RI WXQQHOV DORQJ WKH (JQDWLD +LJKZD\ 7KLV KLJKZD\ LV D YHU\ LPSRUWDQW PRGHUQ URXWH FRQQHFWLQJ
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*UHHFHZLWK(XURSH ,W LVDNPORQJVHFWLRQ+LJKZD\ UXQVDFURVV WKHZKROHZLGWKRI*UHHFH7KLVKLJKZD\
JRHV WKURXJK QHDUO\ SHUSHQGLFXODU WR WKH PDLQ JHRWHFWRQLF XQLWV :HDN IO\VFK URFN PDVVLI FURVVHG E\ D PDMRU
WHFWRQLF FRQWDFWV7KH WXQQHO LV RULHQWHGSHUSHQGLFXODU WR WKH D[LV RI WKH ODUJH VXEVLGHQFH DQWLFOLQH DQG V\QFOLQH
3ODFHVZLWKDSUHGRPLQDQFHRIVLOWWKH\DUHDOVRLQWHUVSHUVHGZLWKWKLQOD\HUVRIVDQGVWRQHV7KHWXQQHOWKURXJKD
WHFWRQLFVKHDU]RQHFDXVHVD ORWRISUREOHPV:HDNURFNXQLWVZLWKKLJKKHWHURJHQHLW\ LQFOXGLQJVKHDU]RQHVDUH
YHU\FRPSOLFDWHGWDVNIRUFLYLOHQJLQHHUVDQGHQJLQHHULQJJHRORJLVWV7KHFODVVLILFDWLRQRIURFNPDVVZKLFKIRUPHG
GXULQJ WKH ORQJ JHRORJLFDO WLPH SHULRGV LW LV YHU\ GLIILFXOW WR FODVVLI\ URFNV EDVHG RQ WKH NQRZQ FODVVLILFDWLRQ
V\VWHPV URFNPDVV0HFKDQLFDOSDUDPHWHUVRI URFNVDUHYHU\GLIILFXOW WRGHWHFWEHFDXVH WKH UHDO VWUHQJWKRI WKHVH
URFNVFDQQRWEHPHDVXUHGLQWKHODERUDWRU\,WZLOOEHDSSUHFLDWHGWKDWWKHVWUHQJWKRILQWDFWURFNLVUHGXFHGGXULQJ
H[FDYDWLRQGHVLFFDWLRQEXWDOVR LQ WKHHYHQWRIGLVUXSWLRQRI WKHVXUURXQGLQJURFNV7KH\FDQDOVRFRQQHFWRWKHU
GHIRUPDWLRQV ([FDYDWLRQ RI WKH WXQQHOV ZDV FDUULHG RXW LQ DQ HQYLURQPHQW ZLWK GLIIHUHQW WHFWRQLF HYROXWLRQ
'HWHUPLQDWLRQ RI WKH JHRWHFKQLFDO SDUDPHWHUV RI URFN PDVV XVLQJ D FRPPRQ FODVVLILFDWLRQ LV YHU\ LPSRUWDQW
+RZHYHU WKH EHVWZD\ LV WR XVH WKHPHWKRG RI EDFN DQDO\VLV %DFN DQDO\VLVPD\ EH SHUIRUPHG QRW HDUOLHU WKDQ
GXULQJ FRQVWUXFWLRQ5RFN FODVVLILFDWLRQ V\VWHPZDV SHUIRUPHG E\ WKH URFNPDVV FODVVLILFDWLRQ V\VWHPV*6, DQG
505,WZDVIRXQGWKDWWKHVHYDOXHVDUHVLPLODUWRWKHYDOXHVVHWE\EDFNDQDO\VLV+RZHYHUWKHYDOXHRIXQLD[LDO
FRPSUHVVLYHVWUHQJWKRILQWDFWURFNZDVORZHUWKDQWKHYDOXHFRQVLGHUHGLQWKHGHVLJQ>@
7KH PHWKRG RI EDFN DQDO\VLV FUHDWHV WKH PRVW UHOLDEOH WRRO IRU GHWHUPLQLQJ WKH SURSHUWLHV RI WKH URFN PDVV
HVSHFLDOO\LILWLVDYHU\ZHDNDQGVKHDUURFNHQYLURQPHQW
0DQ\SUREOHPV DUH DOVR FDXVHGE\ IO\VFK VHGLPHQWV LQ WKH&]HFK5HSXEOLF7KHLU SRWHQWLDOZDVGHPRQVWUDWHG LQ
SDUWLFXODUGXULQJSHULRGVRIH[WUHPHUDLQIDOO7KHDUHDZLWKWKHRFFXUUHQFHRIIO\VFKVHGLPHQWVLVQRWQHJOLJLEOH7KLV
LV GXH WR WKH VPDOO DUHD RI WKH WHUULWRU\ RI WKH &]HFK 5HSXEOLF 7KHUHIRUH ZH FDQQRW FRPSOHWHO\ DYRLG WKH
LPSOHPHQWDWLRQ RI HQJLQHHULQJ IDFLOLWLHV LQ WKHVH SODFHV 7KLV LV SDUWLFXODUO\ WKH FDVH RI WKH:HVWHUQ&DUSDWKLDQV
ZKHUHODQGVOLGHVRFFXULQDJUHDWHURUOHVVHUH[WHQWLQWKHORQJWHUP7KHVOLSVXUIDFHFDQRFFXUFORVHUWRWKHVXUIDFH
7KHVHVKDOORZODQGVOLGHVGRQRWFDXVHVXFKIDWDOFRQVHTXHQFHVVXFKDVODQGVOLGHVZLWKJUHDWGHSWKRIVOLSVXUIDFHV
)UHTXHQW ODQGVOLGHV DUH VXSSRUWHG E\ VXEVWDQWLDO PRUSKRORJLFDO VHJPHQWDWLRQ DQG ODQGVFDSH LQIOXHQFHG E\PDQ
VXFKDVWKHH[LVWHQFHRIDJULFXOWXUDOODQG'DPDJHFDXVHGE\QXPHURXVODQGVOLGHVKDGDQLPSDFWQRWRQO\RQORFDO
URDGVUDLOZD\OLQHVEXWDOVRDWORFDOUHVLGHQFHV,WDOVRHQGDQJHUVSHRSOH
VOLYHV8WLOLW\QHWZRUNVDQGULYHUVDUHDOVR
DIIHFWHG 0DQ\ SODFHV DUH FRQVWDQWO\ PRQLWRUHG 0HWKRGV RI PRQLWRULQJ ZLOO YDU\ GHSHQGLQJ RQ WKH VL]HV RI
ODQGVOLGHDUHDV7KLV LVDJHRGHWLFPHWKRG WRPRQLWRU LQFOLQRPHWHUPHDVXUHPHQW LQERUHKROHV7KLV WDNHVSODFH LQ
FRRSHUDWLRQ ZLWK JHRSK\VLFDO PHWKRGV VXFK DV JHRUDGDU RU VKDOORZ VHLVPLF 0HDVXUHV DJDLQVW ODQGVOLGHV DQG
UHKDELOLWDWLRQRIWKHVHDUHDVDUHYHU\FRVWO\7KHSRVVLELOLW\RIFRPSOHWHHOLPLQDWLRQRIULVNLQWKHVHYXOQHUDEOHDUHDV
LVYHU\OLPLWHG
3UREOHPVDVVRFLDWHGZLWKWKHRFFXUUHQFHRINDUVWDUHDV
,IZH WDON DERXW SUREOHPDWLF URFNV LQ UHODWLRQ WR HQJLQHHULQJ FRQVWUXFWLRQV WKHQZHPXVW QRW IRUJHW NDUVW DUHDV
.DUVWLVIRUPHGLQVROXEOHFDUERQDWHURFNVZKLFKDUHIRUPHGE\FDUERQDWHPLQHUDOVOLNHFDOFLXPFDUERQDWH$PRQJ
NDUVW URFNV DUH DOVR WKH VRFDOOHG HYDSRULWHV IRUPHGE\ HYDSRUDWLRQRIZDWHU IURP WKH UHPDLQLQJPLQHUDOVRI WKH
DTXHRXV VROXWLRQV 5DQNLQJ DPRQJ WKH HYDSRULWHV DUH URFN VDOW J\SVXP DQG DQK\GULWH *\SVXP LV IRUPHG E\
SUHFLSLWDWLRQRUK\GUDWLRQRIDQK\GULWHLQQHDUVXUIDFHFRQGLWLRQV*\SVXPFDQEHSUHVHQWLQWKHVXEVRLOOLNHPDVVLYH
ERDUGV RU DV D YHLQ ,W OHDGV WR ZULQNOLQJ DQG EXFNOLQJ RI WKH J\SVXP SRVLWLRQV GXH WR DQ LQFUHDVH LQ YROXPH
*\SVXPZKLFKDULVHV IURPDQK\GULWH LVSHUPHDWHGE\DGHQVHQHWZRUNRI ILVVXUHV7KLV LQFUHDVHV WKH WKURXJKSXW
DQGLWFDQOHDGWRWKHIRUPDWLRQRIODUJHFDYHV\VWHPV.DUVWLQFRQGLWLRQVRIJ\SVXPLVIRUPHGVLJQLILFDQWO\IDVWHU
WKDQLQWKHFDVHRIOLPHVWRQH
&RQGLWLRQVIRUWKHFRQVWUXFWLRQRIEULGJHVDQGURDGVXQGHUWKHVHFLUFXPVWDQFHVEHFDPHYHU\GLIILFXOW*\SVXPNDUVW
SUHVHQWVDQXPEHURISUREOHPVHVSHFLDOO\ZLWKWKHIRUPDWLRQRIVXEVLGHQFH5RDGFRQVWUXFWLRQPXVWGHDOZLWKWKH
NDUVW SKHQRPHQD GXULQJ EXLOGLQJ DQG H[LVWHQFH LQFOXGLQJ WKH SRVVLELOLW\ RI JUDGXDO GLVVROXWLRQ IRUPDWLRQ RI
VLQNKROHVDQGWKHSRVVLELOLW\RIFROODSVHOD\HUV
7KHDXWKRUV&RRSHUDQG6DXQGHUV>@KDYHGHDOWZLWKWKHFRQVWUXFWLRQRIDEULGJHLQJ\SVXPNDUVWDUHDV*\SVXP
NDUVWSUHVHQWVDQXPEHURISUREOHPVLQWKH3HUPLDQDQG7ULDVVLFURFNVLQ(QJODQG*HRSK\VLFDOPHWKRGVVXFKDV
UHVLVWLYHWRPRJUDSK\ZHUHXVHGIRUWKHVXUYH\RIJHRORJLFDOFRQGLWLRQVDWWKHFRQVWUXFWLRQ7KHLURFFXUUHQFHFDQEH
DVVRFLDWHGZLWK WKH RFFXUUHQFH RI VXOSKDWHV:DWHU FRQWDLQLQJ VXOSKDWHVPD\ KDYH D QHJDWLYH HIIHFW RQ FRQFUHWH
FRQVWUXFWLRQV 7KLV IDFW LV DOVR QHFHVVDU\ WR WDNH LQWR DFFRXQW ZKHQ EXLOGLQJ VWUXFWXUHV XQGHU WKHVH FRQGLWLRQV
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(QJODQGDFKLHYHVJ\SVXPWKLFNQHVVVHTXHQFHVLQWKH3HUPLDQDQG7ULDVVLFVWUDWD7KHELJJHVWSUREOHPVKHUHDUHWKH
NDUVWURFNVRI5LSRQ1RUWK<RUNVKLUH*\SVXPNDUVWRIWKH7ULDVVLFLVORFDWHGLQWKH0LGODQGVVRXWKZHVWRI'HUE\
&RQVWUXFWLRQRIEULGJHVDQGYLDGXFWVLQWKHDUHDRIDFWLYHGLVVROXWLRQRIJ\SVXPNDUVWLVYHU\GLIILFXOW0HWKRGVWKDW
DUHXVHGWRLPSURYHWKHSURSHUWLHVRIWKHVXEVRLOLQWKHOLPHVWRQHNDUVWDSSHDUWREHLQDSSURSULDWHLQFDVHRIJ\SVXP
NDUVW,QFDVHRIOLPHVWRQHNDUVWWKLVLVDILOOLQJRIFDYLWLHVZLWKJURXWRUDVXUIDFHVWDELOL]DWLRQ8VLQJWKHVHPHWKRGV
LQFDVHRIJ\SVXPNDUVWLVSRVVLEOHRQO\SURYLGHGWKHUHLVYHU\OLPLWHGJURXQGZDWHUPRYHPHQW,QDUHDVZKHUHWKHUH
LV LQFUHDVHGPRYHPHQW RI JURXQGZDWHU WKHUH LV D UDSLG GLVVROXWLRQ RI J\SVXP DQG D JURXW VHDOLQJ LV XQVXLWDEOH
)LUVWO\GXHWRWKHVL]HRIWKHFDYLW\LWEHFRPHVSUREOHPDWLFWRVHDORIWKHVHFDYLWLHV6HFRQGO\WKHDJJUHVVLYHQDWXUH
RIVXOSKDWHVFRQWDLQHGLQWKHVHZDWHUVFDXVHVLVVXHV$SDUWLDOLQFRPSOHWHJURXWLQJPD\HYHQZRUVHQWKHVLWXDWLRQ
E\FDXVLQJEHWWHUFRQGLWLRQVIRUGLVVROXWLRQLQWKHVXUURXQGLQJWHUUDLQ7KHUHIRUHLWLVQHFHVVDU\WRLQMHFWWKH.DUVW
ZLWKVSHFLDOPL[WXUHWKDWLVUHVLVWDQWWRVXOSKDWHV>@
)DVWGHYHORSPHQWRIJ\SVXPNDUVWDUHDVEULQJVZLWKLWWKHQHHGWRGHYHORSWRROVIRULWVPRQLWRULQJ7KLVLVLPSRUWDQW
HVSHFLDOO\LQUHJLRQVZLWKUDSLGO\IORZLQJJURXQGZDWHU,QFDVHRIDGHQVHDJJORPHUDWLRQRIWKHVHDUHDVPRQLWRULQJ
VKRXOG QRW EH QHJOHFWHG ,Q NDUVW DUHDV WKHPDLQ FRQFHUQ LV DERXW WKH XQGHUJURXQG V\VWHPZKLFK LV FRQVWDQWO\
HYROYLQJ DQG FKDQJLQJ LWV IRUP.QRZOHGJH WKHGHYHORSPHQW RI DJ\SVXPNDUVW DQGJURXQGZDWHU IORZDOORZV D
EHWWHU XQGHUVWDQGLQJRI WKH DUHD DQG WR HQVXUH HIIHFWLYHPHDVXUHV DJDLQVW GDPDJH WREXLOGLQJV DQG LQIUDVWUXFWXUH
ZKLFKDUHXVXDOO\DFFRPSDQLHGE\WKHRFFXUUHQFHRINDUVW,QWKHFDVHRIJ\SVXPVXEVRLOWKHIRFXVRQFDUHIXODQG
FRQWLQXRXVPRQLWRULQJLVSDUWLFXODUO\LPSRUWDQW
7KHVXUYH\ LVFDUULHGRXWXVLQJDYDULHW\RIJHRSK\VLFDOPHWKRGV2QHRI WKHPRVW IUHTXHQWO\XVHGPHWKRG LV WKH
PHWKRG RI HOHFWULFDO UHVLVWLYLW\ WRPRJUDSK\ ,W LV D KLJKO\ YDULDEOH DQG XQLYHUVDO PHWKRG 9DULRXV HOHFWURGH
FRQILJXUDWLRQVHQDEOHUHVXOWVRIGLIIHUHQWQDWXUH7KHPHWKRGLVIRFXVHGRQPHDVXULQJWKHUHVLVWLYLW\RIXQGHUJURXQG
YLDHOHFWURGHV7KHPHWKRGDOORZVREWDLQLQJYDOXDEOH LQIRUPDWLRQRQWKHJHRORJLFDOHQYLURQPHQW,WQHHGVDSODFH
VDWXUDWHGZLWKZDWHUILVVXUHVFDYHUQVDQGPDQ\RWKHUV$IRFXVRQGHYHORSLQJWRROVIRUWKHEHWWHUXQGHUVWDQGLQJRI
NDUVWV\VWHPVDQGWKHHIIHFWLYHPRQLWRULQJRIWKHVHDUHDVLVSUHVHQWHGLQ>@7KHSXEOLFDWLRQIRFXVHVRQGHVFULELQJ
WKH K\GURJHRORJLFDO VLWXDWLRQ DQG WKH GHYHORSPHQW RI PHWKRGV IRU GHWHFWLQJ WKH GHYHORSPHQW RI .DUVW DUHD LQ
6ZLW]HUODQGLQWKHVRXWKHDVWRI%DVHO$J\SVXPNDUVWODQGVFDSHLVUHIOHFWHGE\VXEVLGHQFHRIWKHGDPDQGDGMDFHQW
KLJKZD\,QWKHDUHDPRQLWRULQJLVSHUIRUPHGIRUWKHSURWHFWLRQRIXQGHUJURXQGDQGVXUIDFHZDWHU6SHFLILFDWWHQWLRQ
ZDVIRFXVHGRQWKHZRUNRI WKHK\GUDXOLFEHKDYLRXUZKRVHNQRZOHGJHLVHVVHQWLDO LQ WKHFDVHRI.DUVWDUHD7KH
DUHDLVILOOHGZLWKDQXPEHURIPRQLWRULQJZHOOVZLWKHOHFWULFDOUHVLVWDQFHWRPRJUDSK\
3UREOHPVDOVRRFFXULQFRQQHFWLRQZLWKOLPHVWRQHNDUVW7KLVLVVXHZDVH[DPLQHGLQVRXWKHUQ7XUNH\>@GHDOVZLWK
WKHLQILOWUDWLRQRIZDWHULQWKHURFNILOOGDPWKURXJKWKHOLPHVWRQHNDUVW*URXWLQJIDLOHGWRSUHYHQWZDWHUOHDNDJH
7KHUHZHUHREVHUYHGIOXFWXDWLRQVLQJURXQGZDWHUOHYHOVOHDNDJHGLUHFWLRQDQGFKDUDFWHURINDUVW'\HEDVHGWUDFHU
WHVWVZHUH XVHG%DVHG RQ WKH K\GURJHRORJLFDO VWXG\ LWZDV IRXQG WKDW WKH OHDNDJH RFFXUV LQ WKH NDUVW OLPHVWRQH
EHWZHHQWKHGDPVLQDVSLOOZD\
3UREOHPVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIOLTXHILHGVDQGV
$QRWKHU RI WKH PDQ\ SUREOHPV WKDW PD\ RFFXU LQ WKH LQWHUDFWLRQ ZLWK WKH EXLOGLQJ VWUXFWXUH DQG FDQ FDXVH
LQFDOFXODEOH GDPDJH DUH FDOOHG OLTXHILHG VDQGV 7KLV SKHQRPHQRQ LV FRQQHFWHG ZLWK VR FDOOHG XQGHUJURXQG
VXIIRVLRQ$Q\ ORRVH VRLO XQGHU FHUWDLQ FRQGLWLRQV FDQJHW LQWR D VWDWH RI IOXLGLW\ ,IZDWHU OHDNV WKURXJK VDQG LW
RYHUFRPHV WKH IULFWLRQ LQ WKH JDSV EHWZHHQ WKH JUDLQV7KHZDWHU SUHVVXUH LV WKHQ WUDQVIHUUHG WR WKH VDQG JUDLQV
FDXVLQJOLTXHIDFWLRQ6RLOGHFUHDVHVLWVYROXPHE\VKHDUVWUHVV7KHUHLVDOVRDUHGXFWLRQRIWKHSRUHYROXPHDQGWKH
H[FHVVZDWHUIORZVRXWIURPWKHVRLO)ULFWLRQLVPLQLPDODQGWKHVDQGEHFRPHVIRUDFHUWDLQWLPHIOXLG$QRWKHU
SRVVLELOLW\RIVRLOOLTXHIDFWLRQLVDODUJHSRURVLW\RIVRLOVZLWKFROORLGDOILOOHURISRUHV8QGHUWKHVHFLUFXPVWDQFHV
WKHH[FHVVZDWHULVVTXHH]HRXWYHU\VORZO\7KHIOXLGLW\RIWKHVDQGLVQRWWKHRQO\WUDQVLWLRQDO
$Q LPSRUWDQW FULWHULRQ LV QR H[FDYDWLQJ FXWV RU FRQVWUXFWLRQ SLW VKRXOG JR ZLWKRXW D WKRURXJK HQJLQHHULQJ
JHRORJLFDO VXUYH\ ,QDUHDVZLWKSUREOHPDWLF IRXQGDWLRQVRLOVDQG ORZEHDULQJFDSDFLW\RI VRLOV FRQVWUXFWLRQVDUH
RIWHQEXLOGRQSLOHVORQJVOLPSLOODUV7KHVHSLOODUVDUHDEOHWRWUDQVIHUORDGVIURPWKHEXLOGLQJLQWRDJUHDWHUGHSWK
6RLOOLTXHIDFWLRQFDQKDYHDVWURQJLPSDFWWRWKHVHSLOHVDQGWKHSLOHFDQEHFDOOHGIORDWLQJ,WPHDQVWKDWWKHKHHO
GRHVQRW UHDFKEHGURFN3LOHVXUIDFH IULFWLRQFDXVHRQD IORDWLQJSLOH$SLOHPD\DOVREHFDOOHGHQGEHDULQJSLOH
ZKHQ LW UHDFKHV XS WR VROLG VXEVRLO 7KLV W\SH RI SLOH FDXVHV SLOH VXUIDFH IULFWLRQ DQG WUDQVIHUV VWUHVV WR WKH KHHO
SLORWV,IWKHUHLVOLTXHIDFWLRQRIVRLOVWKH\DUHEHJLQQLQJWREHKDYHOLNHWKLFNOLTXLGPDVVDQGSLOHVPD\EHDEUHDFK
/LTXHIDFWLRQ VDQG LVVXHV ZLWK DQ LPSDFW RQ SLOH IRXQGDWLRQV ZHUH VWXGLHG E\ %KDWWDFKDU\D HW DO >@ )RU WKH
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FRQVWUXFWLRQ WKLV SKHQRPHQRQ LV HQWLUHO\ GHVWUXFWLYH DQG LQ PDQ\ FDVHV GHDGO\ 7KDW LV ZK\ WKLV SKHQRPHQRQ
UHTXLUHVJUHDWHU DWWHQWLRQ ,QD FRXQWU\ZLWK IUHTXHQW HDUWKTXDNHV VRLO OLTXHIDFWLRQ LV FDXVHGE\ DQRWKHU LPSXOVH
'LIIHUHQWLVRIFRXUVHWKHLUDFFHVVWRWKHGHVLJQDQGVL]HRIWKHPHDVXUHVDJDLQVWLQFUHDVHGIDLOXUHVRIWKHVHREMHFWV
7KH FRUUHFW HQJLQHHULQJ GHVLJQ WR WKH VSHFLILF HQYLURQPHQW FDQ VLJQLILFDQWO\ KHOS WR HOLPLQDWH SRVVLEOH
FRQVHTXHQFHV7KHVL]HRIGLVWXUEDQFHVRQSLOHVDVD UHVXOWRI WKHHDUWKTXDNHDQGGXH WR OLTXHIDFWLRQVDQG LVYHU\
KDUG WR GHWHFW 7KLV LV GXH WR WKH JUHDW GHSWK RI SLOHV VHW LQWR WKH VXEVRLO$SRVVLELOLW\ LV D SLOHV H[WUDFWLRQ DQG
XWLOL]DWLRQRIGULOOFDPHUDVWRH[SORUHWKHFRQVHTXHQFHVRIWKHURFNHQYLURQPHQW7KLVZDVGRQHWZHQW\\HDUVDIWHU
WKHHDUWKTXDNHLQ1LJDWDDQGLQ.REH7KHSLOHVZHUHVHYHUHO\GDPDJHGLQH[SRVHGSRLQWV7KHLVVXHRI OLTXHILHG
VDQGLQFRQQHFWLRQZLWKWKHEXLOGLQJVWUXFWXUHLVVWLOOXQGHU LQYHVWLJDWLRQ%DVHGRQWKHGDPDJHWR WKHSLOHV LQ WKH
OLTXLG VDQGV DQG GDPDJH WR VWUXFWXUHV RI KLVWRULFDO HDUWKTXDNHV LW LV SRVVLEOH WR OHDUQ DQG GHYHORS HYHU EHWWHU
GHVLJQVDFFRUGLQJWRWKHODWHVWHQJLQHHULQJNQRZOHGJH>@
.QRZOHGJHDUHDVZLWKWKHSRWHQWLDOWKUHDWRIOLTXHIDFWLRQVDQGVDUHHVVHQWLDOIRUWKHDSSURSULDWHW\SHPHDVXUHVIRU
WKHFRQVWUXFWLRQ7KLV WRSLF LVGHGLFDWHGZULWHUV:DQJHW DO >@ ,WZDVSHUIRUPHGH[WHQVLYH WHVWLQJRISURSHUWLHV
VDQGV7KH\ZHUH SHUIRUPHG ODERUDWRU\PRQRWRQLF DQG F\FOLF WULD[LDO WHVWV WR HYDOXDWH VWDWLF SURSHUWLHV G\QDPLF
SURSHUWLHVDQGUHVLVWDQFHRIVDQGWROLTXHIDFWLRQ,QWKHSXEOLFDWLRQLWZDVIRXQGWKDWWKH]RQHRIWKHHGJHVRIWKH
GDPDQGLQWKHYLFLQLW\RIWKHXSSHUVWUHDPRIWKHGLDSKUDJPZDOOLVPRUHVXVFHSWLEOHWROLTXHIDFWLRQWKDQLQIUHH
ILHOG$FFRUGLQJWRWKHVHUHVXOWVLW LVSRVVLEOHWRFRQVLGHUDEO\HIIHFWLYHO\GHVLJQSUHFDXWLRQV$VWKHOHDVWSURQHWR
OLTXHIDFWLRQ]RQHLVEHQHDWKWKHFHQWUHRIWKHGDP>@
3UREOHPVDVVRFLDWHGZLWKWKHRFFXUUHQFHRIEDVDOWLFURFNVDQGORHVVVHGLPHQWV
%DVDOWLFURFNVDQGORHVVVHGLPHQWVDUHDPRQJWKHSUREOHPDWLFURFNVFDXVLQJHVSHFLDOO\SUREOHPVZLWKORZEHDULQJ
FDSDFLW\DQGGLIIHUHQWVHWWOHPHQW
%DVDOWLF URFNV DUH WKHPRVW FRPPRQ H[WUXVLYH LJQHRXV URFNV&KDUDFWHULVWLF LV D ILQHJUDLQHG VWUXFWXUHZKLFK LV
GHWHUPLQHG E\ WKH UDSLG VROLGLILFDWLRQ DW WKH VXUIDFH RI WKH HDUWK %DVDOWV RIWHQ FRYHU D ODUJH DUHD DQG RFFXU DV
FROXPQDU IRUPDWLRQV VXUIDFH FXUUHQWV XQGHUZDWHU FUHDWHV VRFDOOHG SLOORZV 2IWHQ WKH\ LQFOXGH DGPL[WXUHV RI
YROFDQLF JODVV 7KH FRPSRVLWLRQ RI EDVDOWV YDULHV GHSHQGLQJ RQ WKHLU JHQHVLV %DVDOWV DUH GLYLGHG LQWR JURXS¶V
WKROHLLWLFWKDWFRYHUODUJHDUHDVRIWKHHDUWK
VVXUIDFH)XUWKHUPRUHWKH\DUHGLYLGHGLQWRDJURXSRIDONDOLQHEDVDOWV
ZKLFKRFFXUHVSHFLDOO\LQWKHIRUPRIYROFDQRHV
/RHVVVHGLPHQWVDUHFDXVHGE\HROLDQDFWLYLWLHVLQDUHDVZLWKRXWYHJHWDWLRQFRYHUQHDUJODFLHUV/RHVVFRPSRVLWLRQLV
GHWHUPLQHGE\WKHW\SHRIZHDWKHULQJIURPZKLFKLWLVFUHDWHG&RPPRQO\WKH\DUHFRPSRVHGHVSHFLDOO\RITXDUW]
IHOGVSDU PLFD DQG RWKHUV /RHVV DOVR FRQWDLQV FDOFLXP FDUERQDWH /RHVV VHGLPHQWV DUH SDUWLFXODUO\ VXLWDEOH IRU
DJULFXOWXUDODFWLYLWLHVIRUWKHLUJRRGIHUWLOHFKDUDFWHULVWLFV
/RHVVDQGEDVDOWIRXQGDWLRQVRLORFFXULQWKH&]HFK5HSXEOLF%DVDOWLFIRXQGDWLRQVRLOLVIRXQGLQýHVNp6WĜHGRKRĜt
7KLVLVDVPDOOHUFRPSOH[RIYROFDQLFERGLHV,QWKLVDUHDWXQQHOVZHUHUHDOL]HGWKURXJKZHDWKHUHGEDVDOWURFN>@
7KH SURFHVV ZDV FRPSOLFDWHG E\ WKH IDFW WKDW LW LV D SURWHFWHG QDWXUDO DUHD ,W LV DOVR DQ DUHD VLJQLILFDQWO\
PRUSKRORJLFDOO\ YDULDEOH JHRORJLFDOO\ FRPSOLFDWHG ZLWK WKH RFFXUUHQFH RI D ODQGVOLGH 'XH WR WKH KLJK WHUUDLQ
VHJPHQWDWLRQLWZDVQHFHVVDU\WRIRFXVLQFUHDVHGDWWHQWLRQWRVXUURXQGLQJVORSHVDQGFXWV,QWKHSDVWEODVWVZHUH
UHDOL]HG LQ QHDUE\ TXDUULHV 9LRODWLRQ RI WKH URFNPDVV FDXVHG E\ WKHVH EODVWV OHDG WR FRPSOLFDWLRQV GXULQJ WKH
FRQVWUXFWLRQRIWKHWXQQHO3UDFNRYLFH
7KHLVVXHRIORHVVVHGLPHQWVLVGHVFULEHGLQWKHSXEOLFDWLRQIURP'HUE\VKLUH>@7KHSXEOLFDWLRQFRYHUVH[WHQVLYH
ORHVV UHJLRQV LQ QRUWKHUQ &KLQD /RHVV FROODSVH RI VWUXFWXUHV KDV GHVWUXFWLYH VRPHWLPHV GHDGO\ HIIHFWV RQ
LQIUDVWUXFWXUH )UHTXHQW PRQVRRQ UDLQV DQG HDUWKTXDNHV FRPELQHG ZLWK ORHVV VRLOV UHSUHVHQW JUHDW ULVNV WR ZLGH
XUEDQDJJORPHUDWLRQV
&RQFOXVLRQ
3UREOHPDWLF URFNV QHJDWLYHO\ DIIHFWLQJ HQJLQHHULQJ FRQVWUXFWLRQV &DVHV RFFXUULQJ RI SUREOHPDWLF URFNV DUH D
ZRUOGZLGH )O\VFK VHGLPHQWV DUH DERXW WKH SUHVHQWDWLRQ RQ D FDVH VWXG\ RI WXQQHO H[FDYDWLRQ *HRORJLFDO DQG
WHFWRQLFFRQGLWLRQVLQWKLVDUHDUHSUHVHQWHGDKLJKULVNRQWKHRQHKDQGLQWHUPVRIVHFXULW\DQGIURPWKHSHUVSHFWLYH
GDPDJHWRXQGHUJURXQGVWUXFWXUHV
$QRWKHU FDVH PHQWLRQHG LQ FRQQHFWLRQ ZLWK IO\VFK VHGLPHQWV ZDV LQ WKH &]HFK 5HSXEOLF 3UREOHPV RFFXUUHG
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HVSHFLDOO\ GXULQJ SHULRGV RI H[WUHPH UDLQIDOO 7KLV LV SDUWLFXODUO\ WKH FDVH LQ WKH :HVWHUQ &DUSDWKLDQV ZKHUH
ODQGVOLGHVUHIOHFWHGDJUHDWHURUOHVVHUH[WHQWLQWKHORQJWHUP
.DUVWDUHDVGHVFULEH LVVXHRIFRQVWUXFWLRQRIEULGJHVDQGYLDGXFWV7KLVFDVH LVQRWH[WUDRUGLQDU\ LQ WKHZRUOG ,Q
FRQWUDVW WR OLPHVWRQH NDUVW J\SVXP NDUVW FDYLWLHV DUH FUHDWHG PXFK IDVWHU $GGLWLRQDOO\ WKH\ FRQWDLQ D YHU\
DJJUHVVLYHHQYLURQPHQW7KHVHDUHWKHUHDVRQVZK\ZHQHHGDSSURDFKHVWRWKLVHQYLURQPHQWHQWLUHO\VSHFLILFDOO\
$QRWKHUFDVHZKLFKLVSUHVHQWHGLQWKHSXEOLFDWLRQLVWKHLVVXHRIVDQGOLTXHIDFWLRQ%XLOGLQJFRQVWUXFWLRQLQDUHDV
VXVFHSWLEOHWROLTXHIDFWLRQVDQGVLWPXVWEHVSHFLDOO\GHVLJQHGWRZLWKVWDQGLWVHIIHFWV/LTXHIDFWLRQVDQGVPD\EH
FDXVHGE\VHYHUDOIDFWRUV,QWKLVFDVHLVHIIHFWRIHDUWKTXDNHV/LTXHILHGVDQGVEHKDYHYHU\GDQJHURXV7KHUHLVD
ORVVRIVWUHQJWKWKHURFNHQYLURQPHQWDQGVDQGPRYHVOLNHDWKLFNOLTXLGPDVV7KLVSKHQRPHQRQFDQEHHVSHFLDOO\
LQXUEDQDJJORPHUDWLRQVYHU\GHVWUXFWLYHHIIHFWVDVVRFLDWHGZLWKORVVRIOLIH
&KDUDFWHUL]HGZDVDOVR WKH LVVXHRIEDVDOWLF URFNVDQG ORHVV%DVDOWLF URFNV UHSUHVHQWDGDQJHURXV IRXQGDWLRQVRLO
GXULQJWKHH[FDYDWLRQRIDWXQQHOLQWKH&]HFK5HSXEOLF/RHVVURFNVIRUPDQH[WHQVLYHSUREOHPLQWKHUHJLRQVRI
QRUWKHUQ&KLQD
3XEOLFDWLRQVFUHDWHGDVLPSOHRYHUYLHZRISUREOHPDWLFRIURFNVDQGWKHLUPRVWFRPPRQSUREOHPVLQWKHLQWHUDFWLRQ
ZLWKWKHHQJLQHHULQJFRQVWUXFWLRQ
5HIHUHQFHV
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